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I. Abstract 

An op t i ca l  coupling material was developed and 
tes ted  as per  J.P.L. contract number SW 3257. 
The material f i n a l l y  developed would withstand 
the opt ica l  and environmental tests required. 
Dow Corning@ XB6-3488 k s i n  and Curing Agent 
with one-hour catalyst ,  were recoamended as the  
op t i ca l  coupling material. 
Corning@ 92003, was found t o  be helpful  i n  securing 
the resin to  the  glass surfaces. 
established f o r  preparing the  r e s i n  and assembling 
the  f ix tu re  i n  which the op t i ca l  coupling material 
w i l l  f unc t ion .  &I accelerated test, conservatively 
projected, indicates the sample w i l l  l ose  less than  
1.7 percent weight in 1400 days a t  25OC and a pres- 
s u r e  of one millimeter of mercury. The probabi l i ty  
of the  sample functioning i n  the specif ied environ- 
ments for periods of several  months are therefore 
concluded excellent. 

A bonding agent, Dow 

A procedure was 
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11. Becommendations 

Dow Corning@ XR6-3488 Resin and Curing Agent with 
one-hour catalyst are recommended as the proposed 
o p t i c a l  coupling material. 
Corning? 92003, was found des i rab le  i n  bonding the 
r e s i n  to the glass surfaces. 
deaerating, c a s t i n g  and bonding the r e s i n  i s  recom- 
mended as out l ined in Sect ion 151111 of’this  report.  

A bonding agent, D o w  

A procedure for mixing, 
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111, Introduction 

The material described under this contract  is  
intended f o r  u s e  i n  f u t u r e  explorations t o  planets 
i n  o u r  so l a r  system. 
l i g h t  emitted by a s c i n t i l l a t i o n  c rys ta l  t o  a 
photomultiplier tube, The material must therefore 
have excellent light t ransmissibi l i ty ,  as described 
herein, and a refract ive index within specified 
l i m i t s ,  Also, the materials must be capable of 
withstanding heat s t e r i l i za t ion ,  gas s t e r i l i za t ion ,  
static acceleration, vibration, shock, elevated 
temperatures, and high vacuum f o r  prolonged periods 
of time, 
described i n  Section I V  of t h i s  report. 

It w i l l  be used t o  couple 

These environmental conditions are f u l l y  

It is  necessary that the opt ica l  coupling material 
does not undergo degradation a t  145OC; this condi- 
t ion alone eliminates most classes of polymeric 
materials . Silicone polymers and rubbers are known 
fo r  t h e i r  thermal s t ab i l i t y ,  and therefore are w e l l  
sui ted f o r  t h i s  type of application. 

Y 

The over-all  purpose of the work described i n  t h i s  
report was t o  develop or f ind a material capable of 
meeting a l l  the physical and environmental conditions 
set for th  i n  the  contract statement of work, SW- 
32578. 

3 



IV.  Fixture Design 

c 

The f i r s t  e f f o r t  under t h i s  contract was to  design 
a test fixture.  
milate as near as feasible  the  mechanical and op t i ca l  
surroundings of the material t o  be evaluated. The 
f i n a l  packaging of t h e  s c i n t i l l a t i o n  c r y s t a l  and 
photomultiplier tube, being concurrently developed 
under other  contracts, was t o  have glass  face plates.  
The coupling material developed was t o  provide op t i ca l  
coupling between the two glass face p la tes ,  

This f i x t u r e  was expected t o  assi- 

It was necessary that a f i x t u r e  be designed t o  with- 
stand,without change, the environmental conditions. 
A given sample specimen had t o  undergo the  various 
environmental tests and be examined a f t e r  each test, 
The examinations (see Section V of this  report) 
required were l ight  t ransmissibi l i ty ,  re f rac t ive  
index, and visual  inspections, 

Aluminum w a s  chosen as the  basic  f i x t u r e  material 
s i n c e  it is  both l i g h t  w e i g h t  and capable of with- 
standing the forces anticipated. I n  t h a t  op t i ca l  
and visual  tests had t o  be nondestructively made, 
windows of glass were provided i n  the  aluminum 
test blocks. 
of the  photomultiplier and the s c i n t i l l a t i o n  c rys ta l ,  
A space was provided between the two glass  windows 
f o r  the  op t i ca l  coupling material, 

The glass assimilated t h e  face p l a t e s  

One of the big problems was t o  f ind a method of 
r ig id ly  securing the glass t o  the  aluminum blocks 
so the glass would not be broken during the high g 
shock tests. 
technique used would also have to withstand the elevated 
temperature environments w i t h o u t  chemical o r  mechanical 
change. Many epoxy resins were used as a bonding agent 
between the  aluminum f i x t u r e  and t h e  glass  plates .  The 
f i r s t  epoxies found which would successfully bond the 
materials together degraded a t  145OC. Other epoxy 
resin systems would bond and had the  necessary thermal 
s t a b i l i t y ,  but had so great a thermal expansion coeff i -  
c i e n t  t h a t  a small change i n  temperature would break 

This problem was compounded because the 
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the glass. 
r e s i n  3314 and Ikm Corning catalyst SA 500. 

Two Pyrex@ glass plates 3/16 inches t h i c k  and 
one i n c h  square were used  as the windows in each 
test f i x t u r e .  The f i n a l  tests were conducted with 
Corning G l a s s  Company 7052 glass plates in p l a c e  
of the -rex@. 
i n t i a l l y  cons t ruc ted .  
drawing of a completed f i x t u r e .  
three are d e t a i l  drawings of the same f i x t u r e .  
The f i x t u r e  was cons t ruc t ed  so a sample 0.020 inches 
t h i c k  was sandwiched between the glass p l a t e s .  

The system found s u c c e s s f u l  was Dow 

A t o t a l  of t e n  f i x t u r e s  were 
F igure  one i s  a p e r s p e c t i v e  

F igu res  two and 
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V. Sample Measurements 

c 

Each sample underwent a series of examinations after 
i t  w a s  prepared i n  t he  test f ix ture ,  
examinations were also conducted following each 
environmental test aa shown on the  test flow diagram, 
(figure 4). The small boxes labeled "T" of figure 
four represent the examinations as outlined below. 

These s8me 

A, Refractive Index: 

The test f ix tu re  w a s  designed t o  allow a microscope 
objective lens  t o  f i t  ins ide the  aluminum frame, 
This was necessary t o  allow the  microscope t o  be 
focused on the i n s i d e  surfaces of the glass  plates .  
A s ingle  f i n e  l i n e  w a s  scribed on the inside surface 
of the glass  p la tes  with a diamond-tipped scr iber .  

The refract ive index of the opt ica l  coupling material 
was determined by measuring the  dis tance between the 
two glass  plates .  To achieve this, each test f ix tu re  
w a s  assembled w i t h o u t  the  opt ical  coupling material. 
The distance between the two scribed marks on the 
inside of the  glass p l a t e s  was measured w i t h  a t ravel ing 
microscope. 
then reassembled with the top t i ca l  coupling material 
between the two glass plates .  
the two pla tes  was measured. 
is  the ratio of the speed of l i g h t  i n  air t o  the speed 
of light i n  the material i n  question. Therefore, the 
rat io  of the  observed opt ica l  distances between the  
glass  p la tes  both with and without the specimen is  the 
re f rac t ive  index. 

Next the f ixture& were disassembled and 

Again the distance between 
The ref rac t ive  index 

IL = refract ive index 
dl = optical  distance i n  a i r  (actual) 
d2 - optical  distance with sample (apparent) 
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. 

Since the above test is  nondestructive, i t  was used 
before and a f t e r  each environmental test. 
16,17, & 18. 
changes as a r e s u l t  of the environmental condition. 
A second technique, the Beche l i n e  method, was used 
t o  make a more precise determination of the  re f rac t ive  
index. Since t h i s  technique is  a destruct ive test, 
it can be performed only once on a given sample. See 
f igure 18. 

See figures 
This method was used only to  observe 

B. Light T r a n s m i s s i b i l i t y :  

A measurement of the samples a b i l i t y  t o  t r a n s m i t  l i g h t  
was made before and a f t e r  each environmental test. A 
double-beam broadband v i s ib l e  l i g h t  source instrument 
was used. This i n s t r u m e n t ,  Lumetron Colotmeter Model 
402-E, was cal ibrated per  the manufacturer's instruct ions 
before each measurement. 
inch diameter aperture p l a t e  W ~ S  used i n  the sample beam 
f o r  a l l  measurements. I n  that the sample was coupled 
between two glass  plates,  the l i g h t  t ransmissibi l i ty  
of the p la tes  and the sample were determined together. 
The values given i n  F igures  19,20 & 21 were obtained 
by t h i s  method. 

A black anadized one quarter  

The surface of the glass sheets was f l a t  and polished 
as is  typical  of glass. This caused l i g h t  t o  be ref lected 
from the glass  surfaces which i n  t u r n  lowered the value 
of the actual l ight t ransmiss ib i l i ty  as compared t o  the 
measured value. Even though t h i s  phenomena occurred, the  
over-all  t ransmissibi l i ty  was above the 90 pe rcen t  specified.  

A second method was used t o  determine the light t r ansmis -  
s i b i l i t y .  This technique made use  of the Cary Model 14 
Spectrophotometer. 
s i b i l i t y  of the opt ical  coupling material a lone  was made. 
As w a s  discussed above, some of the  light was ref lected 
from the sample surface. The l i g h t  t ransmissibi l i ty  vs 
wave length p lo t  was determined so t o  show the  e f f e c t  of 
wave length, see f igure 12. The sample tested v i a  the  
latter technique had a thickness of -125 inches. 

With t h i s  device the l ight  t ransmis-  

C. V i s u a l  Examination: 

Each sample was careful ly  examined by the naked eye and 
then under the microscope. The f i r s t  examination occurred 
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I -  

immediately a f t e r  the sample was placed i n  the  test 
f ixture ,  even before it cured. The posit ion of t he  
cured sample i n  the test f i x t u r e  was noted with re- 
spect t o  the  sc r ibe  marks on the glass plates.  
movement, cracking, sp l i t t i ng ,  bubbling, and size 
were a l l  careful ly  observed before and after each 
environmental test. 

Sample 

See figures 13,14, & 15. 

D. Stress-Strain 

Figure 11 is the s t ress -s t ra in  cu rve  of the material 
recommended. The sample was c u t  from a one-eighth 
inch sheet w i t h  an ASTM, D d i e  and pulled i n  an 
I n s t r o n  tensile machine. 
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VI. Environmental  T e s t s  

After the sample had been prepared and examined per 
Sec t ion  111, the environmental  tests were i n i t i a t e d .  
The over-all tests were conducted i n  the o r d e r  shown 
i n  the test flow diagram, figure 4. Fol lowing is  a 
d e s c r i p t i o n  of the environmental  tests: 

A. Dry H e a t  S t e r i l i z a t i o n  

The samples were placed i n  a f o u r - l i t e r  glass f l ange -  
rimed con ta ine r .  The glass c o n t a i n e r  was sealed and 
evacuated  t o  one millimeter of mercury. 
gas w a s  flowed i n t o  the c o n t a i n e r  and the p r e s s u r e  was 
re tu rned  t o  atmospheric  p r e s s u r e .  
was then  flawed through the c o n t a i n e r  at the rate of 
one l i ter  p e r  hour  f o r  the d u r a t i o n  of the test. 

Dried n i t r o g e n  

Dried n i t r o g e n  gas 

An electric tempera ture-cont ro l led  oven w a s  used  to 
heat the c o n t a i n e r  and samples t o  145' f 2OC. The 
tetnperature  w a s  checked with a mercury thermometer 
traceable t o  the Nat iona l  Bureau of Standards.  The 
samples remained i n  this environment for 36 hours .  
A t  the end of that pe r iod  the samples were al lowed t o  
stabilize at r o o m  condi t ions ,  i.e. about  21OC. The 
examinat ions as o u t l i n e d  i n  S e c t i o n  V were conducted. 
T h i s  e n t i r e  heat s t e r i l i z a t i o n  process was performed 
three times on each sample. 

B. Gas Ster i l iza t ion  

The samples were placed i n  the above described c o n t a i n e r  
and allowed to  stabilize at llOo f 4 O F .  
was evacuated t o  less t h a n  one  millimeter of mercury. 
A mix tu re  of ethylene oxide and Freon 12 gas w a s  flawed 
i n t o  the c o n t a i n e r ,  see f i g u r e s  5 & 6 .  The gas mix tu re  
was composed of 12% e t h y l e n e  o x i d e  and 88% Freon 12 
by w e i g h t  as analyzed by g a s - l i q u i d  chromatography 
techniques.  S u f f i c i e n t  water was added t o  raise the 
relative humidity in the c o n t a i n e r  to  60'1, t 15%. 
c o n d i t i o n s  were maintained for  a p e r i o d  of 32 hours .  

The c o n t a i n e r  

These 

A t  the end of the test p e r i o d  the c o n t a i n e r  w a s  purged 
with d r i e d  n i t rogen .  The samples were removed from the  
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the  container and allowed t o  s t a b i l i z e  at  room 
conditions. The examinations of Section V were 
conducted. 

C. Static Acceleration 

The test f ix tures  complete with the opt ica l  coupling 
material included were accelerated t o  190 g. 
hydraulically operated centr i fuge w a s  used to test 
f ive  samples at one time. The samples were acce- 
lerated f o r  20 minutes i n  both t h e  plus and minus 
direct ions for each of the three orthogonal direct ions,  
This represented a t o t a l  of six tests f o r  each set of 
samples. The examinations of Section V w e r e  again 
conducted. 

A 

D. Vibration 

The samples were vibrated s inusoidal ly  along each axis  
at a sweep of one half octave per  minute  over the 
following frequency spectrum and g levels :  

1. +, 0,s inch constant displacement, 5-17 CPS 
2. +, 5 8 rms,17-50 CPS 
3. +, 1 5 g  m s  ,50-100 CPS 
4, + - 35g ms. ,100-2000 CPS 

Next the samples underwent wide-band noise vibration, 
25 grms , 15-2000 CPS, fo r  n i n e  minu tes  along each 
axis. Again the examinations of Section V were conducted. 

E. Shock 

Each of the  following shock tests were performed f i v e  
times in each direct ion along each of the three axes. 
(total of 90 tests): 

1. 

2. 

3. 

+, 200 g terminal peak sawtooth, 0.5 milliseconds 
rise t i m e .  
+, 150 g terminal peak sawtooth, 5.0 milliseconds 
rise time. 
+, 1000 g terminal peak sawtooth, 3.0 milliseconds 
rise time. 

A test f a c i l i t y  capable of performing the +, 1000 g, 
10 



3.0 milliseconds r i s e  time sawtooth shock test was not  
located u n t i l  the  contract was p a r t i a l l y  completed, 
Therefore, f o r  the f i r s t  three sets of f i v e  samples 
of + 1000 g, 3.0 mill iseconds duration, half-sine 
shozk test was substi tuted.  
f i v e  samples were tested per  the 1000 g sawtooth 
shock as s ta ted  above. 
fonnations. 

The f i n a l  two sets of 

Figure 7 shows the  shock wave 

The examinations of Sec t ion  V were conducted following 
the completion of the above shock tests, 

F. Elevated Temperatures 

The opt ica l  coupling samples and test f ix tures  were 
placed i n  a four l i t e r  glass  container. 
ature w a s  elevated t o  7 5 O  + 2OC f o r  twelve days, 
this period a pressure of &e m i l l i m e t e r  of mercury 
w a s  maintained i n  the container. 
s tab i l ized  at room conditions, the examination of 
Section V w a s  conducted. 

The temper- 
During 

After the sample 

G. Dep ressed Temperature 

For four days the samples were maintained a t  -10.C 
at a pressure of one m i l l i m e t e r  of mercury. The samples 
were warmed t o  room conditions and the Section V examin- 
a t ions performed. 

H. Life  T e s t  

A sheet one by three by one e ighth inches thick was 
subjected to  loo6 millinkters pressure and 100°C f o r  
92 hours. During that period the  weight loss of the  
specimen w a s  continuously recorded. 
was performed on the specimen f o r  69 hours; t h i s  test 
was conducted at 25OC and at  a pressure of loo6 m i l l i -  
meters of mercury. From the derived data, extended l i fe  
of the sample was determined as out l ined i n  Section VII. 

A second test 
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VII. R e l i a b i l i t y  Tes t s  

Two methods for  determining the re l iab i l i ty  of the 
o p t i c a l  coupl ing material were used. In  the one 
approach f i v e  samples, a l l  a l i k e ,  were given the 
complete set of environmental tests. A l l  f i ve  samples 
m e t  these condi t ions  and were there€ore shown to  be 
to ta l ly  reliable. 

The second method used t o  e v a l u a t e  the optical 
coupl ing material reliability involved an accelerated 
t e s t i n g  method. 
coupl ing material one inch by three inches  and 0.125 
inches t h i c k  w a s  continuously weighed i n  a h igh  t e m -  
p e r a t u r e  and h igh  vacuum environment. 
Le. less than 10'6 millimeters of mercury, was used 
to  assimilate space  conditions.  
accelerates the rate sample d e t e r i o r a t i o n .  The d a t a  
obtained is given i n  f i g u r e s  8 ,  9 ,  & 10. 
sample w a s  subjec ted  to  loo6 millimeters of p r e s s u r e  a t  
room temperature  for 69 hours. The total pe rcen t  w e i g h t  
loss dur ing  that period was 0.38%. 
loss at the end of the  test was less than  .001% per hour. 
Another specimen of the same material was t hen  cont inuously 
weighed for 92 hours a t  10'6 millimeters and 100OC. 
it is  seen from figure 10 that the w e i g h t  change a t  the 
end of the test is very small, i,e. .OOZZ p e r  hour. It 
is  also noted that the  total  pe rcen t  w e i g h t  loss under 
these condi t ions  w a s  1.760%. A very conse rva t ive  method 
for  p r o j e c t i n g  t h e  time it would t a k e  for the specimen 
to  lose the sameweight at 25OC as it d i d  at  100°C is  as 
follows: 

In this approach a sample of the 

The high vacuum, 

The evelated temperature 

F i r s t  the 

The rate of weight 

Again 

A x  C T = -  B 

T - time i n  hours a t  25OC for the sample t o  lose 

A - rate of weight loss a t  100°C after one hour. 
B .J rate of w e i g h t  loss a t  25OC after 69 hours. 
C - time i n  hours of 100°C equ i l ib r ium 

the same weight as it d i d  at 100OC. 

12 



.0169 x 100 x 91 
4.5809 T =  

.0008 x 100 
4.130 x 19 

T = 33,579 hours or 1400 days. 

This means that a conservative estimate of the w e i g h t  
loss of the o p t i c a l  coupling tnaterjal would be less 
than 1 . 7  percent i n  1400 days at 25OC and LOo6 m i l l i -  
meters. 
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VIII. Sample Preparation 

The method f o r  preparing the samples f o r  u s e  i n  the 
test f ix tures  is the same as suggested fo r  the f i n a l  
application. Care must be exercised i n  keeping the 
sample free from dirt s i n c e  it is t o  be used fo r  light 
transmission. C l e a n  glassware was used i n  a l l  cases 
and covers were careful ly  kept i n  place. 
0.15 grams of samples were needed to  f i l l  the  test f ixture ,  
10 grams were usually prepared each time. 
fo r  two reasons. F i rs t ,  i t  is d i f f i c u l t  t o  thoroughly 
mix very small quantit ies.  Second, i f  contaminations 
were unknowningly introduced i n t o  the mixing process, 
they would be i n  re la t ively small quant i t ies .  

Although only 

This was done 

Ten grams of the  resin, XR6-3488, were poured from 
the or ig ina l  container in to  a 200 milliliter glass 
beaker, which w a s  on a laboratory balance. 
of the ca ta lys t  w a s  added t o  the  beaker and the two 
components were thoroughly mixed, using a glass  rod as 
the  stirrer. The mixture was stirred f o r  f i v e  minutes. 
Next the  sample was placed i n  a glass desiccator and 
pumped down t o  one millimeter of mercury f o r  f i f t een  
minutes of u n t i l  the  material w a s  ready t o  be used. 
removes a l l  the  a i r  entrapped i n  the sample during the 
mixing process. The catalyzed r e s i n  was then ready to  
use. 
the  proposed material has a working t i m e  of one hour. 
It is noted, however, that it is  no t  desireable  t o  remove 
the  mixture from the one m i l l i m e t e r  pressure u n t i l  every- 
thing is  ready f o r  its use. 

One gram 

This 

The catalyzed material does not c u r e  immediately; 

The glass  surfaces were primed with Dow CorningW2003 
primer. 
of the primer onto the glass  surfaces with a small camels 
hair brush. The primer w a s  allowed t o  air  dry i n  a clean 
environment f o r  t h i r t y  minutes  before the  catalyzed r e s i n  
w a s  added. A very useful technique for put t ing the  r e s i n  
between the  two glass surfaces w i t h o u t  entrapping air be- 
tween the surfaces is as follows: Face both of the  glass  
surfaces up. 
onto one of the glass surfaces. The glass p l a t e  with the 
resin on it is then careful ly  l i f t e d  and turned over. Just 
enough t i m e  fo r  the r e s i n  t o  start t o  flow in to  a droplet  
is allowed before the p l a t e  is  lowered slowly onto the  

This was accomplished by paint ing a thin f i lm 

Pour or careful ly  drop the  catalyzed r e s i n  
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the lower glass surface.  
then slowly pressed i n t o  pos i t ion .  The res in  i s  
then cured by l e t t i n g  it remain at room temperature 
for 24 hours. To f u l l y  cure the resin i t  is placed 
i n  a 5OoC oven for eight hours. 

The upper glass p i e c e  is 

15 



n, Formulat ions 

The formula t ions  of t he  materials tested are as 
follows : 

Set #1 (p re l imina ry  eva lua t ion  set) : 

Sample Formulat ion 
A S Y L o @  182; 9 : l  r e s i n  t o  catalyst 
B 182; 9 : l  r e s i n  t o  catalyst, p l u s  

C SYLGARLP 51 ; 8 : l  r e s i n  t o  catalyst 
D SYLGAgDdb 51 ; 3 : l  resin t o  catalyst 
E C2-0057 ; Dow Corning grease 
F Type K i n t e r l a y e r ;  unvulcanized 

1% 1107 f l u i d  

Set $2 

Sampre Fo m u  1 at i o n  
D spLGA61D49 51; 8 : l  r e s i n  t o  catalyst 
E syw;AgDQp 51; 3 : l  r e s i n  to  catalyst 
G Dow CORNING@ 200 polymcer gum 
H 182; 9 : l  r e s i n  t o  catalyst 
I spLGA#D 182; 15:l r e s i n  t o  catalyst 
J SYLGAS?D@ 182; 9 : l  r e s i n  t o  catalyst p lus ,  

1% DOW CORNING@ 1107 F l u i d  

Set $3 

Sample Fo m u  lat  i o n  
A,B DOW COWING@ XR-6-3488 r e s i n ;  1O:l r e s i n  t o  

catalyst, p l u s  bonding agen t  92003 on the glass 
s u r f  aces 

C,D DOW CORNING@ XR-6-3488 r e s i n ;  10:1 r e s i n  t o  catalyst 
E DOW CORNING@ XR-6-3488 r e s i n ;  5:l r e s i n  t o  catalyst 

16 



S e t  14 

Sample Formulation 
F,G DOW CORNING@ XR-6-3488 res in;  1 O : l  r e s i n  to 

C,D DOW COlbpyIN@ XR-6-3488 resin;  1 O : l  r e s i n  to 

E DOW COBNING@J XR-6-3488 resin;  5 : l  r e s i n  to 

catalyst, plus bonding agent 92003 on the 
glass surfaces 

catalyst. 

catalyst. 

Se t  XS 

Sample Formulation 

D,E I)(lrw CORNING@ XR-6-3488 res in;  1 O : l  r e s i n  to 
A,B,C, ' 

catalyst, plus bonding agent 92003 on the glass 
surfaces.  

17 
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Figure 5 
Sterilization Equipment 

HUMlDKY 
GAS IN OlCATOR 

BAG 

FLOW METERS 

FREON 
12 



Figure 6 
S t e r i l i z a t i o n  Equipment 

GA S 
BAG 

A 
VACUUM 
PUMP 



Figure 7 
Shock Traces 

150 g, 5 m s .  
vertical - 50 g/cm 
horizontal = 5m~/crn 

200 g, .5 ms 
vertical = 50 g/cm, 
horizontal - 1 ms/m 

1000 g, 3 m s  
vertical = 179 g/cm 
horizontal = .5 d c m  



F i g u r e  i j  

Life Test Data 

XR-6-3488 and curing agent with one hour catalyst 
Temperature 1 0 0 ° C  
Vacuum mm 
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Figure 9 

Hours 

XR-6-3488 and czring agent with one hour c a t a l y s t  
Temperature )OO C. 
Vacuum < 10' mm. 

Envi- 
ron- Weight Total % A  
ment Weight Change Jeight Change Weight 

Life T e s t  Data 

0 
0 

4.5754 
Vac. 4.5809 0 0000 0 . 0000 0.000 

1 
2 

Vac . 4.5640 0.0169 0.0169 0.394 
Vac. 4.5540 0.0100 0.0269 0.626 

I 12 

, ,  91 Vac. 4.5054 0,0010 0.0755 . 1.760 
92 A i r  4.5022 0.0732 0.0732 1.705 

I 
Vac . 

~~ 

Vac . 
Vac . 
Vac . 
Vac . 
Vac . 

4.5257 
4.5220 
4.5190 
4.5150 
4.5121 
4.5103 

0.0025 0.0552 1.285 
1.351 0.0029 0.0581 

0.0038 0 . 0619 1.442 
0.0040 0.0659 1.535 
0.0029 0 . 0688 1 603 
0.0018 I 0.0706 I 1,644 

60 4 - 5090 O.QQ.13 0.0719 1.675 
72 Vac. 4.5074 0.0016 0.0735 1.713 
80 Vac. 4.5064 0.0010 - 0.0745 1.735 
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